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(57)Abstract 

PROBLEM TO BE SOLVED: To provide both an apparatus and a method for 
producing a perfect single crystal in good reproducibility in a single crystal 
growth in an apparatus for producing a single crystal ingot by a Czochralski 
method. 

SOLUTION: In this apparatus for producing a single crystal ingot by a 
Czochralski method, the apparatus is equipped with a means of measurement 
for measuring the distance from the bottom of a heat shielding body to the liquid 
level of a raw material melt and the controls of pulling conditions such as the 
heat amount for the silicon melt, the liquid level of the silicon melt, pulling rate 
of silicon single crystal ingot, etc., are carried out based on the distance 
measured by the means. Consequently the temperature gradient of G1 region of 
the pulled silicon single crystal ingot is adjusted to give a perfect crystal in 
excellent reproducibility. 
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(54) APPARATUS AND METHOD FOR PRODUCING SINGLE CRYSTAL INGOT BY CZOCHRALSKI 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide both an apparatus and 
a method for producing a perfect single crystal in good 
reproducibility in a single crystal growth in an apparatus for 
producing a single crystal ingot by a Czochralski method. 
SOLUTION: In this apparatus for producing a single crystal 
ingot by a Czochralski method, the apparatus is equipped with a j£ 
means of measurement for measuring the distance from the »; 
bottom of a heat shielding body to the liquid level of a raw 
material melt and the controls of pulling conditions such as the 
heat amount for the silicon melt, the liquid level of the silicon 
melt, pulling rate of silicon single crystal ingot, etc., are carried 
out based on the distance measured by the means. <P>! * 

Consequently the temperature gradient of G1 region of the 
pulled silicon single crystal ingot is adjusted to give a perfect 
crystal in excellent reproducibility. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the CZ process single crystal ingot manufacturing installation which raises a single crystal 
ingot from raw material melt. In a CZ process single crystal ingot manufacturing installation equipped with 
the thermal shield which adjusts the amount of the heat with which surrounds the single crystal ingot 
(following and raising single crystal ingot) which can be being pulled up, and the raising single crystal ingot 
concerned is filled The CZ process single crystal ingot manufacturing installation characterized by having a 
measurement means to measure the distance from the pars basilaris ossis occipitalis of said thermal shield to 
a raw material melt oil level, and the controller which controls the raising conditions of a single crystal ingot 
based on the distance measured by this measurement means. 

[Claim 2] The CZ process single crystal ingot manufacturing installation according to claim 1 characterized 
by having the cooler which cools said a part of raising single crystal ingot. 

[Claim 3] It is the CZ process silicon single crystal ingot manufacturing installation characterized by being 
one or more things chosen from the group which consists of the amount [ as opposed to / in a CZ process 
single crystal ingot manufacturing installation according to claim 1 or 2, the equipment concerned is a 
silicon single crystal ingot manufacturing installation, and / silicon melt in the raising condition ] of heating, 
oil-level level of a silicon melt oil level, and a raising rate of a silicon single crystal ingot (following and 
raising silicon single crystal ingot) that can be being pulled up. 

[Claim 4] The perfect-crystal silicon wafer cut down and manufactured from the silicon single crystal ingot 
according to claim 3. 

[Claim 5] It is the CZ process silicon single crystal ingot manufacture approach of manufacturing a silicon 
single crystal ingot by raising a silicon single crystal ingot from silicon melt. The distance from the pars 
basilaris ossis occipitalis of the thermal shield which adjusts the amount of the heat with which surrounds 
the silicon single crystal ingot (following and raising silicon single crystal ingot) which can be being pulled 
up, and the raising silicon single crystal ingot concerned is filled to a silicon melt oil level is measured. The 
amount [ as opposed to / at least / the "aforementioned silicon melt based on the distance measured by this 
measurement means ] of heating, the oil-level level of a silicon melt oil level ~ and The CZ process single- 
crystal-silicon manufacture approach characterized by adjusting the temperature gradient of the part of Gl 
field of said raising silicon single crystal ingot by controlling one or more things chosen from the group 
which consists of a raising rate of a raising silicon single crystal ingot." 

[Claim 6] The CZ process single-crystal-silicon manufacture approach according to claim 5 of raising 
speeding up [ of the single crystal raising silicon single crystal ingot concerned ] by enlarging the 
temperature gradient of the part of Gl field of the single crystal raising silicon single crystal ingot concerned 
by cooling the lower part of said raising silicon single crystal ingot. 

[Claim 7] The CZ process single-crystal-silicon manufacture approach according to claim 5 characterized by 
promoting formation of the perfect crystal in the crystal growth direction by promoting stripping of the 
conductive heat of the raising direction inside the single crystal raising silicon single crystal ingot 
concerned, and making small the difference of the temperature gradient by the side of the core of the part of 
Gl field of the single crystal raising silicon single crystal ingot concerned, and the temperature gradient by 
the side of a front face by cooling the upper part of said single crystal raising silicon single crystal ingot. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to suitable equipment and a suitable approach to manufacture 
the equipment and the approach of manufacturing a silicon ingot with the Czochrlski method (the following, 
CZ process), especially a good perfect-crystal silicon wafer. 
[0002] 

[Description of the Prior Art] The crystal defect generated during growth of CZ silicon single crystal 
obtained by the Czochrlski method (the following, CZ process) has a bad influence on the dependability of 
the gate oxide of an MOS device, PN junction leak property, etc. For this reason, although it is necessary to 
reduce such a crystal defect as much as possible, for control of crystal defect generating, the purport with 
effective pulling up in a furnace and controlling the ratio "V/G" of the raising rate V of an inner single 
crystal ingot (following and single crystal raising ingot) and the temperature gradient G of the single crystal 
raising ingot concerned appropriately is pointed out (JP,8-337490,A etc.). 

[0003] Although the artificers concerning previous JP,8-337490,A have got perfect crystal about this by 
controlling appropriately V/G of a before [ from 1300 degrees C / the silicon melting point ] (in 1993 
(Heisei 5)) The 54th Japan Society of Applied Physics academic lecture meeting (from September 27, 1993 
to 30 days), the collection of the 54th Japan Society of Applied Physics academic lecture meeting lecture 
drafts No.l, p303, 29 a-HA-7:JP,8-330316,A, and these people by controlling appropriately V/G of a 
before [ from 1350 degrees C / the silicon melting point ] The perfect crystal of silicon has been obtained on 
more suitable conditions (Japanese Patent Application No. No. 330713 [ ten to ]). 
[0004] However, in order to obtain perfect crystal in Czochralski crystal training, V and G must be 
controlled with high precision. For example, according to above-mentioned Japanese Patent Application No. 
No. 330713 [ ten to ], for perfect-crystal training, it is shown that it is necessary to control so that V/G 
(mm2/degree C and min) which is the ratio of the temperature gradient G (degree C/min) the training rate V 
(mm/min) and near the crystal interface becomes 0. 1 6 to about 0. 1 8. 

[0005] However, a perfect-crystal field was not able to be made to form [ in / as a result / since it is that 
from which G changes every moment during crystal training even when V is controlled uniformly 
temporarily, follow the change, and V/G value also changes, and / the crystal growth direction ] with the 
sufficient yield. 

[0006] Then, the temperature distribution inside single crystal are operated by searching for the temperature 
distribution inside single crystal by temperature-distribution count in [ whole ] a furnace which used the 
thermal rating, and carrying out cutoff and/or reflection of the radiation from melt using the temperature 
distribution searched for, and while operating V so that V/G (mm2/degree C and min) may be controlled by 
desired value, he is trying to operate G by cutoff and/or reflection of the radiation from melt with the 
conventional technique (JP,8-268794,A). 

[0007] In this conventional technique, adjustment of cutoff of the radiation from melt is equipped with the 
device to which the radiation blocker (thermal shield) is moved up and down as a thing for being made to 
carry out by changing the location of the thermal shield with which the latest Czochrlski method single 
crystal ingot manufacturing installation is equipped standardly, and controlling the amount of cutoff of the 
radiation to a single crystal from melt. Moreover, with this conventional technique, the amount of reflection 
is controlled by trying to install the high radiation reflective object of a reflection factor above melt, and 
adjusting the include angle of this reflective object as a thing for reflecting the radiation light from melt. 
[0008] In addition, in order to search for the temperature gradient G of the crystal orientation in the 
temperature requirement to 1300 degrees C, a thing called G calculating machine is used, and he is trying to 
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compute G with this conventional technique by inputting many information, such as positional information 
of the radiation blocker, and include-angle information on a radiation reflective object, to the G calculating 
machine concerned. And while a V/G controller calculates V/G from G called for by G computing element, 
and the single-crystal -growth rate V, G is controlled and, finally it is made to control whole V/G by 
operating V so that the calculated value may carry out - ** with the V/G set point, and operating the location 
of the radiation blocker, and the include angle of a radiation reflective object according to it. 
[0009] 

[Problem(s) to be Solved by the Invention] However, since the member and device for performing it are 
needed for an excess when V/G is made to be controlled by changing the location of a thermal shield etc. 
like the above-mentioned conventional technique (JP,8-268794,A), disadvantageous profit called increase of 
components mark, complication of control, etc. is caused. By the approach shown in JP,8-268794,A, since it 
is made to control the temperature gradient G near an interface by adjusting cutoff and reflection of the 
radiation from melt using the various above control units, the device for performing position control of a 
thermal shield and include-angle control of a reflective object is needed separately, and, more specifically, 
control of V/G is also very complicated in connection with it. 

[0010] Moreover, according to the above-mentioned conventional technique, since calculation of the 
temperature gradient for V/G calculation is fundamentally performed by the guess by the simulation of a 
temperature condition, V/G is not adjusted completely reflecting the condition in a furnace, therefore, V - 
even if it is a law, the situation where G is not controlled in fact may also be produced. And in such a case, 
perfect crystal cannot be obtained with the sufficient yield in the crystal growth direction. 
[001 1] This invention is made in view of the above technical problems, and it aims at offering the 
equipment and the approach that perfect crystal is obtained with sufficient repeatability in single crystal 
growth. Moreover, it aims at offering the device or the control approach of adjusting V/G in a CZ process 
single crystal ingot manufacturing installation, without changing the location of a thermal shield etc. 
[0012] 

[Means for Solving the Problem] In order to solve the above technical problems, in the CZ process single 
crystal ingot manufacturing installation and approach concerning this invention, the location of a thermal 
shield is fundamentally made into immobilization, and it is characterized by feeding back from the measured 
value of the distance from the pars basilaris ossis occipitalis of a thermal shield to a raw material melt oil 
level, and controlling the raising conditions of a single crystal ingot. 

[0013] Since the crucible which is storing silicon melt goes up in the CZ process single crystal ingot 
manufacturing installation here so that the fall of the raw material melt oil level accompanying reduction of 
the raw material melt by raising of a single crystal ingot may be compensated, fundamentally, the distance 
from a thermal shield pars basilaris ossis occipitalis to a raw material melt oil level is fixed. However, the 
distance concerned may change with deformation of the thermal shield produced by the inequality of the 
rate of rise and fall of a crucible, the unsuitableness of the control, or red heat in a furnace, change of raw 
material melt oil levels, such as a capillary wave, etc. minutely. Even if this invention persons were change 
of the distance from such a thermal shield pars basilaris ossis occipitalis to a raw material melt oil level of a 
millimeter unit, they came to complete a header and this invention for it being the factor which can never be 
disregarded in a perfect-crystal manufacture process in fact. 

[0014] Even if it may make a thermal shield go up and down in a macroscopic viewpoint, before this 
invention, it is not even tuned finely and even the suggestion about the need is not made. Especially the 
thing for which the raising conditions of a single crystal ingot are changed corresponding to minute change 
of the distance from the lower limit of a thermal shield to a raw material melt oil level of a millimeter unit 
was not performed. This invention has a technical meaning in a perfect-crystal manufacture process in the 
one aspect of a certain to deal with minute change of the distance from the lower limit of a thermal shield to 
a raw material melt oil level of a millimeter unit as one of the big factors which determines the raising 
conditions of a single crystal ingot. 

[0015] More specifically in this invention, the following CZ process single crystal ingot manufacturing 
installations are offered. 

[0016] (1) It is the CZ process single crystal ingot manufacturing installation which raises a single crystal 
ingot from raw material melt. In a CZ process single crystal ingot manufacturing installation equipped with 
the thermal shield which adjusts the amount of the heat with which surrounds the single crystal ingot 
(following and raising single crystal ingot) which can be being pulled up, and the raising single crystal ingot 
concerned is filled The CZ process single crystal ingot manufacturing installation characterized by having a 
measurement means to measure the distance from the pars basilaris ossis occipitalis of said thermal shield to 
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a raw material melt oil level, and the controller which controls the raising conditions of a single crystal ingot 
based on the distance measured by this measurement means. 

[0017] (2) The CZ process single crystal ingot manufacturing installation of the above-mentioned 
publication characterized by having the cooler which cools said a part of raising single crystal ingot. 
[0018] (3) It is the CZ process silicon single crystal ingot manufacturing installation characterized by being 
one or more things chosen from the group which consists of the amount [ as opposed to / in the CZ process 
single crystal ingot manufacturing installation of the above-mentioned publication, the equipment concerned 
is a silicon single crystal ingot manufacturing installation, and / silicon melt in the raising condition ] of 
heating, oil-level level of a silicon melt oil level, and a raising rate of a silicon single crystal ingot 
(following and raising silicon single crystal ingot) that can be being pulled up. 

[0019] (4) The perfect-crystal silicon wafer cut down and manufactured from the silicon single crystal ingot 
of the above-mentioned publication. 

[0020] Moreover, in this invention, the following CZ process single-crystal-silicon manufacture approaches 
are offered. 

[0021] (5) It is the CZ process silicon single crystal ingot manufacture approach of manufacturing a silicon 
single crystal ingot by raising a silicon single crystal ingot from silicon melt. The distance from the pars 
basilaris ossis occipitalis of the thermal shield which adjusts the amount of the heat with which surrounds 
the silicon single crystal ingot (following and raising silicon single crystal ingot) which can be being pulled 
up, and the raising silicon single crystal ingot concerned is filled to a silicon melt oil level is measured. The 
amount [ as opposed to / at least / the "aforementioned silicon melt based on the distance measured by this 
measurement means ] of heating, the oil-level level of a silicon melt oil level - and The CZ process single- 
crystal-silicon manufacture approach characterized by adjusting the temperature gradient of the part of Gl 
field of said raising silicon single crystal ingot by controlling one or more things chosen from the group 
which consists of a raising rate of a raising silicon single crystal ingot." 

[0022] (6) said - raising - a silicon single crystal ~ an ingot ~ the lower part — cooling - things — being 
concerned - a single crystal - raising - a silicon single crystal - an ingot - G - one - a field - a part - a 
temperature gradient - large - carrying out - things - being concerned - a single crystal — raising - a 
silicon single crystal - an ingot — raising — a rate — speeding up - the above — (— five — ) — a publication - 
a CZ process ~ single crystal silicon — manufacture — an approach . 

[0023] (7) said - a single crystal — raising - a silicon single crystal - an ingot — the upper part ~ cooling - 
things - being concerned - a single crystal - raising - a silicon single crystal - an ingot - the interior - 
raising — a direction - the conductive heat stripping - promoting - being concerned - a single crystal - 
raising — a silicon single crystal — an ingot - G ~ one - a field -- a part - a core - a side — a temperature 
gradient - a front face — a side — a temperature gradient — a difference — small - carrying out - things - 
crystal growth — a direction — it can set — perfect crystal - formation — promoting — making - things - the 
description - ** - carrying out - the above - (-- five --) - a publication - a CZ process - single crystal 
silicon — manufacture — an approach . 

[0024] [A terminological definition etc. says] hot saws supplied from the perimeter of a raising single 
crystal ingot to the raising single crystal ingot concerned, such as radiant heat from a melt oil level, and 
exposure heat from a heater, "the heat with which a raising single crystal ingot is filled." 
[0025] It has the "thermal shield" in the furnace of the CZ process single crystal ingot manufacturing 
installation which manufactures a single crystal ingot by the CZ process, it is installed so that the perimeter 
of the single crystal ingot which can be pulled up from melt may usually be surrounded, and it serves to 
control the amount of radiant heat from melt or a heater. Since this thermal shield carries out not only 
control of the amount of radiant heat but the work which prepares the flow of the inert gas which it lets pass 
in CZ furnace, it is also called the gas rectification cylinder. 

[0026] If the distance from the pars basilaris ossis occipitalis of a thermal shield to a raw material melt oil 
level can be measured accurately, anythings are employable, but "a measurement means to measure the 
distance from the pars basilaris ossis occipitalis of a thermal shield to a raw material melt oil level" is 
suitable if the melt level detection equipment shown, for example in Japanese Patent Application No. No. 
071 149 [ 1 1 to ] is used. It is more desirable to use the sensor which can measure appropriately the distance 
between a thermal shield lower limit as shown in Japanese Patent Application No. No. 071 149 [ 1 1 to ], and 
a melt front face, since the lower limit location of a thermal shield is pulled up with thermal stress in fact 
and it changes to inside, although it can, of course, also perform to find the distance from a measure point to 
a melt front face using the conventional melt level sensor, and to presume G to some extent from there about 
this. 
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[0027] "Gl" is a concept which serves as the important point when manufacturing the silicon wafer which 
has commodity value with "G2" which means the shaft-orientations temperature gradient (degree C/mm) of 
the temperature field (temperature field near solid-liquid interface temperature - 1350 degree C) where the 
pattern of an introductory defect is decided at the time of growth, and means the shaft-orientations 
temperature gradient (degree C/mm) of a void defective formation temperature field (about 1 120-degree C 
temperature field). 

[0028] Generally "perfect crystal" is a crystal with which crystal defects, such as a void and a rearrangement 
cluster, do not exist, and it may also be called a defect-free crystal. Although an introductory defect (Grown- 
in defect) or oxygen sludge does not exist in this perfect crystal at the time of growth of a void defect etc., 
either, since the precipitation-of-oxygen nucleus (oxide precipitate nuclei) used as the radical of an oxygen 
sludge (oxide precipitate) exists, if the perfect-crystal silicon wafer cut down from the perfect-crystal ingot 
is heat-treated, an oxygen sludge will be introduced into a wafer. 

[0029] If the predetermined part of a single crystal raising ingot is cooled, what kind of thing can also be 
used for the "cooler" which cools a single crystal raising ingot, but if a certain specific part is carried out 
from a viewpoint of cooling certainly, it is desirable to adopt what used what consists of the pipe line to 
which cooling water circulates, a heat pipe, etc. (Japanese Patent Application No. No. 094695 [ 1 1 to ], 
Japanese Patent Application No. No. 094697 [ 1 1 to ]). 

[0030] Not only the thing of the front face of the single crystal raising ingot actually measured by the 
temperature sensor but the thing of the interior of a single crystal raising ingot computed theoretically or 
experientially from the actually measured skin temperature and the coagulation section may be contained in 
the concept of a "temperature gradient." 

[0031] The approach concerning this invention calculates V/G using the temperature gradient computed 
based on the actual measurement by a melt level sensor etc., and adjusts the temperature of a heater, the 
height of the oil level of melt, etc. based on it, and since suitable V/G for crystal manufacture is that for 
which it can ask suitably according to the target matter, it is clear that its the approach or the equipment 
concerning this invention is not restricted to the thing of silicon. 
[0032] 

[The gestalt for inventing] [Whole configuration] drawing 1 is the block diagram showing the suitable 
operation gestalt of the silicon single crystal ingot manufacturing installation concerning this invention. As 
shown in this drawing 1 , the silicon single crystal ingot manufacturing installation concerning this invention 
is equipped with the crucible 13 for manufacture and storage of silicon melt 12, the heater 14 for heating this 
crucible 13, and the lifting device 15 that makes it go up and down a crucible 13 in the well-closed container 
slack chamber 1 1 like the usual CZ process silicon single crystal ingot manufacturing installation. And a 
heater 14 is equipped with the electrode which supplies power, other heat insulators, melt receipt, a 
container liner, etc. like the usual CZ process silicon single crystal ingot manufacturing installation in 
addition to this suitably. Moreover, this equipment is equipped with the raising equipment 16 which pulls up 
the silicon ingot 17, the thermal shield 18 for covering radiation of the heat from the heater 14 to silicon 
melt 12 and the silicon ingot 17, and **. 

[0033] Furthermore, although especially the silicon single crystal ingot manufacturing installation 
concerning this invention is not illustrating, it is equipped with installation and the pumping system of the 
inert gas with which this kind of CZ process silicon single crystal ingot manufacturing installation is usually 
equipped. And it is under such a system and the thermal shield 1 8 also has the work which adjusts the 
circulation way of inert gas. Moreover, in this equipment, the vacuum pump 20 which performs the exhaust 
air in a chamber 1 1 is connected. 

[0034] Here, the melt level sensor 23 usually used for the CZ process single crystal ingot manufacturing 
installation is attached in the silicon single crystal ingot manufacturing installation concerning this invention 
shown in drawing 1 , a laser beam is irradiated by silicon melt oil-level 12a through prism 25, and melt level 
(level of silicon melt oil-level 12a) is detected. According to the input from the melt level sensor 23, a 
controller 26 controls a heater 14, a lifting device 15, and raising equipment 16. 
[0035] Drawing 2 is a block diagram for explaining the important section of this invention. In the 
manufacturing installation concerning this invention, the beam 102 emitted from the laser light source 101 is 
fundamentally projected on silicon melt oil-level 12a at an include angle theta, and the level (melt level) of 
silicon melt oil-level 12a is computed by the principle of triangulation based on the location of the 
measurement spot obtained by that reflection so that clearly from this drawing 2 . The location of a 
measurement spot condenses the specular reflection light 104 concerned with a lens 105, and the condensing 
location on the 2-dimensional photosensor 107 identifies it (refer to Japanese Patent Application No. No. 
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071149 [11 to ]). 

[0036] And as shown in this drawing 2 , in the manufacturing installation concerning this invention, it 
becomes possible by extending the scanning range 113 even to a thermal shield 18, and performing 'the 
scanning range 1 13 of the laser light 102 even in the range over the both sides of silicon melt oil-level 12a 
and a thermal shield 18 to measure the distance between silicon melt oil-level 12a and a thermal shield 18 
(MSDiMelt Screen Distance). A difference of a reflection factor performs distinction of silicon melt oil- 
level 12a and a thermal shield 18 (refer to Japanese Patent Application No. No. 071 149 [ 1 1 to ]). 
[0037] [Copier] drawing 3 is the block diagram showing the gestalt of the operation in which the cooler was 
formed. In addition, the same sign is given to the same component as drawing 1 , and the explanation is 
omitted. 

[0038] In the silicon single crystal ingot manufacturing installation concerning the gestalt of this operation, 
although the cooler 19 is installed in a part of inside of a thermal shield 18, this cooler 19 consists of piping 
for which cooling water circulates in the inside of it, and cooling water is supplied through supply pipe 21a. 
The bellows member 28 is attached in the part which intrudes the feeding-and-discarding tubing 21 (it 
consists of a set of supply pipe 21a and exhaust pipe 21b) containing this supply pipe 21a in a chamber 11, 
and he is trying to be maintained in it at an airtight condition. 

[0039] Here, in the silicon single crystal ingot manufacturing installation concerning this invention, 
temperature of a heater 14, adjustment of the raising rate of the silicon ingot 17 by raising equipment 16, etc. 
are performed so that the value to which V/G of a part 1350 degrees C or more was set by the controller 26 
according to the purpose of manufacture according to the input (value of MSD which specifically became 
clear from the detection result of the melt level sensor 23) from the melt level sensor 23 may be shown. 
While a lifting device 15 receives the monitor from the melt level sensor 23, according to the input (MSD 
value) from the melt level sensor 23, V/G of a part 1350 degrees C or more is suitably adjusted to 
coincidence so that the value set up according to the purpose of manufacture may be shown. 
[0040] According to [manufacture of perfect crystal] this invention, by cooling the upper part of said single 
crystal raising ingot 17, stripping of the conductive heat of the raising direction of the single crystal raising 
ingot 17 interior concerned can be promoted, the difference of the temperature gradient by the side of the 
core of the part of Gl field of the single crystal raising ingot concerned and the temperature gradient by the 
side of a front face can be made small, and perfect crystal can be produced by it. 

[0041] For example, by promoting stripping of the conductive heat of the raising direction of the crystal 
raising ingot 17 interior in the case of silicon In a field 1350 degrees C or more, V/G value is set as the 
range of 0.1 6-0.1 8mm2/degree-Cmin. If Gouter/Gcenter which is the ratio of the average Gcenter of the 
average Gouter of the G value of the single crystal raising ingot front face in the range and the G value 
based on single crystal raising ingots is made or less into 1.10 Perfect crystal can be obtained (Japanese 
Patent Application No. No. 33071 3 [ ten to ]). 
[0042] 

[Example] Drawing 4 is a graph which shows the result of having verified change of the temperature 
gradient G accompanying a pull-up of the silicon single crystal ingot from silicon melt etc. 
[0043] first, with advance of the pull-up of the pull-up rate V of a silicon single crystal ingot of a silicon 
single crystal ingot to the fixed case which was fixed also as for the distance between thermal shield lower 
limit - silicon melt oil levels (MSD[ the following and ]: Melt Screen Distance), the more a silicon single 
crystal ingot grows and it becomes long namely,, the more drawing 4 (A) shows that the temperature 
gradient G near the interface (namely, Gl) becomes small. Moreover, drawing 4 (B) shows that the pull-up 
rate V of a silicon single crystal ingot falls with advance of a pull-up of a silicon single crystal ingot, when 
MSD is also fixed at the same time it fixes V/G. Furthermore, from drawing 4 (C), by narrowing MSD 
shows that a temperature gradient G can be enlarged under the conditions of V/G regularity and V 
regularity. 

[0044] Here, it will be said that narrowing MSD can enlarge a temperature gradient G by making it such 
since it is realizable by speeding up the feed rate of the crucible to a part for the weight of the pull-up crystal 
per unit time amount. On the contrary, by making the feed rate of a crucible late to a part for the weight of 
the pull-up crystal per unit time amount, MSD will be extended and a temperature gradient G can be made 
small, setting up a pull-up program beforehand so that MSD may become narrow gradually by the 
longitudinal direction since the temperature gradient G near an interface will become small if the control 
approach of G is described more concretely, and the crystal length under training becomes long - the value 
of G - it will be said that it is controllable to a law. 

[0045] Thus, by controlling G by MSD control, while operating V and controlling it suitably, it is 
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controllable so that V/G carries out - ** with the set point. Moreover, a setup of V/G becomes a positive 
thing by controlling heater power to coincidence. 

[0046] The above example shows depending for the temperature gradient G near a crystal interface (namely, 
Gl) on MSD greatly. Therefore, it becomes possible to control V/G by the condition of having been 
stabilized by calculating beforehand the variation of a shaft-orientations temperature gradient which changes 
by crystal die length by simulation, and incorporating the set point of MSD (distance between silicon [ a 
thermal shield lower limit - ] melt oil levels: Melt Screen Distance) for controlling the temperature gradient 
G the pull-up rate V and near the interface in a crystal pulling program, then controlling a pull-up of a 
silicon single crystal ingot. 

[0047] This means that it is suitable for manufacture of the perfect crystal which is not obtained if V/G is 
not controlled in the very narrow range. If it explains more concretely, since according to this invention it 
will be stabilized and its V/G value can be controlled, for example in the field 1350 degrees C or more of a 
pull-up silicon single crystal ingot to go into the range of 0. 1 6-0. 1 8mm2/degree-Cmin well, the field which 
perfect crystal generates is extensible from the case where it manufactures with equipment conventionally. 
Namely, based on the actual measurement of the distance (MSD) between thermal shield lower limit - 
silicon melt oil levels, the field which perfect crystal generates is easily extensible according to the CZ 
process single crystal ingot manufacturing installation concerning this invention in the crystal growth 
direction by controlling the raising conditions of silicon single crystal ingots, such as the amount of heating 
to silicon melt, oil-level level of a silicon melt oil level, or a raising rate of a raising silicon single crystal 
ingot. 
[0048] 

[Effect of the Invention] According to this invention, the complicated device like the device for making the 
high radiation reflective object and high it of the reflection factor installed in the device to which radiation 
blocker (thermal shield) which was used conventionally is moved up and down, and the upper part of melt 
drive can control a temperature gradient G more simply, and can make the field of perfect crystal extend in 
the crystal growth direction with sufficient repeatability by this, without using, as explained above. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 
(A) „ 



(B) 






[Drawing 3] 
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[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/13/2005 



